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Summary

Objective

The aim of this study was to compare an in-person, group-based behavioral weight loss
intervention to technology-based interventions in adults with obesity.

Methods

Adults (N = 39; body mass index: 39.5 + 2.8 kg m2% age: 39.9 + 11.5 years) participated in
a 6-month program with randomization to one of three intervention groups: standard
behavioral weight loss, a technology-based system combined with a monthly interven-
tion telephone call (TECH) or an enhanced technology-based system combined with a
monthly intervention telephone call (EN-TECH). All groups were prescribed an energy-
restricted diet and physical activity. Assessments occurred at 0, 3 and 6 months. Sepa-
rate mixed-effects models using unstructured dependence structure were fit to the
outcomes.

Results

Weight loss (least square means + standard error) at 6 months was —6.57 +1.65kg in
standard behavioral weight loss, —5.18 £1.72kg in TECH and —6.25+1.95kg in EN-
TECH (p-value for time effect<0.0001). A similar pattern was observed for change in
body mass index, waist circumference and percent body fat. There was a decrease in
total energy intake (p =0.0005) and percent dietary fat intake (p =0.0172), and physical
activity increased (p = 0.0003).

Conclusions

Findings provide initial information on the use of technology-based interventions that
include wearable devices combined with brief monthly telephone calls for weight loss
in adults with obesity.

Keywords: e-health, m-health, obesity, weight loss.

Introduction

The prevalence of adults with obesity (body mass index
[BMI]>30kgm2) in the USA is approximately 35%, with
approximately 15% classified with a BMI>35kgm 2 (1).
The health-related consequences of increased BMI are

of public concern as excess body weight has been shown
to be associated with higher rates of mortality, chronic
diseases and other health consequences (2,3). Lifestyle
interventions that focus on reducing energy intake and in-
creasing energy expenditure have been shown to be
effective in reducing body weight when combined with
behavioral strategies to facilitate engagement in and
maintenance of these behaviors (4) The reductions in
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body weight elicited from these interventions have
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demonstrated improvements in health consequences as-
sociated with obesity (3,5-7).

Lifestyle interventions for weight reduction are typi-
cally intensive and require in-person group or individual
sessions, with these sessions typically occurring
weekly for a period of 3 to 6 months. This intensive
approach, while effective for weight loss, may not be
appealing to individuals who are unable or unwilling to
attend these intervention sessions. Thus, there is a
need to provide alternative intervention options for indi-
viduals seeking weight loss. These alternative interven-
tions may require a model that utilizes a less intensive
and more practical approach while retaining key behavioral
strategies, such as self-monitoring and feedback, within
the context of the intervention.

As an alternative to in-person interventions, there has
been an increase in the application of technology to de-
liver weight loss interventions. Recent technology-based
intervention approaches have utilized web-based portals
(8—11), text messaging (12), smartphone or mobile apps
(13) and podcasts with social media (14,15). The mean
BMI in the majority of these studies was <35kgm 2
(8-12,14,15). Thus, there are limited data on whether
technology-based interventions can be used to facili-
tate weight loss in individuals with higher levels of
obesity. This may be of clinical importance because
more intensive in-person interventions have been
shown to be equally effective for weight loss across
a wide range of obesity (16), and confirming this pattern
in less intensive technology-based interventions would
provide additional treatment options.

Wearable technologies that provide feedback on phys-
ical activity or energy expenditure may provide an addi-
tional intervention option. Recently, Martin et al. (17)
incorporated the use of an activity monitor to track steps
walked within the context of a smartphone technology-
based intervention. This intervention also included feed-
back and treatment recommendations using email, text
messages and telephone contact equivalent to approxi-
mately 10 contacts per month from a weight loss coun-
sellor. The mean weight loss was 9.4% of initial body
weight in a group of 19 participants with a mean BMI of
30.2kgm 2. There have been a few studies in which
wearable technology has also been incorporated into in-
terventions with less frequent contact with a weight loss
counsellor. Pellegrini et al. (18) utilized a wearable monitor
to facilitate feedback on energy expenditure to individuals
with obesity (33.7 £3.6kgm™2), and the group receiving
this technology combined with a monthly telephone con-
tact with a counsellor achieved weight loss of 5.8 kg at
6 months. While these results are promising, these find-
ings require replication and should be examined in a sam-
ple of individuals representing a higher level of obesity to

determine if whether this form of wearable technology
can be used as a clinical weight loss intervention option.

Therefore, the purpose of this study was to extend the
findings of Pellegrini et al. (18) and to provide additional
insight on the use of wearable technology combined with
low frequency telephone contact with a counsellor on
weight loss in adults with obesity.

Methods
Participants

Thirty-nine participants between 21 and 55years of age
were randomized to this study. Participants were included
if they were sedentary (exercising <60minweek '),
deemed safe to participate in physical activity by stratifi-
cation of low to moderate risk (19), had a BMI between
35.0 and 45.0kgm~2 and had a compatible smartphone
and access to the Internet with a computer. Participants
were excluded if they were pregnant, had a physical limi-
tation that prevented engagement in physical activity,
were taking medications that affected blood pressure or
body weight, had a history of chronic disease (diabetes,
heart disease), were being treated for psychological prob-
lems (i.e. depression, bipolar disorder and others) or tak-
ing psychotropic medications within the previous
12 months, currently being treated for an eating disorder,
were currently or recently enrolled in a weight loss study
or commercial weight loss programme, had lost >5% of
current body weight in the previous 3 months or had
undergone bariatric surgery. After providing written
informed consent, participants provided medical clear-
ance from their physician prior to being eligible to
undergo baseline assessments and randomization. All
study procedures were approved by the University of
Pittsburgh Institutional Review Board.

Intervention

This study used a randomized pretest and post-test
design, with the intervention being 6 months in duration.
Eligible participants were randomized to one of three
intervention groups: standard behavioral weight loss
(SBWL), a technology-based system combined with a
monthly intervention telephone call (TECH), or an
enhanced technology-based system combined with a
monthly intervention telephone call (EN-TECH).

Intervention components common to all randomized
groups

Participants were prescribed an energy-reduced diet
based on body weight, with caloric intake prescribed at
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1,200kcald ™" for participants <79.4kg, 1,500kcald "
for participants 79.4 to <99.8 kg, 1,800 kcal d~" for partic-
ipants 99.8 to <113.4kg and 2,100 kcald™" for partici-
pants >113.4kg. In addition, dietary fat was prescribed
at 20% to 30% of the total daily calories. The physical ac-
tivity component included unsupervised home-based
exercise, and was recommended at a moderate intensity
defined as 3—6 metabolic equivalents, which is similar to
brisk walking. Duration was initially prescribed at
100minweek ' and progressed to 200 minweek ' by
the 9th week of the intervention.

Standard behavioral weight loss

Standard behavioral weight loss attended weekly group
meetings that were approximately 30—45 min in duration.
These sessions addressed barriers associated with phys-
ical activity and dietary intake. If a session was missed, an
attempt was made to schedule a make-up session prior
to the next scheduled group session. Participants were
provided with written materials at each meeting to sup-
plement group discussions. Assessment of body weight
occurred on an individual basis at the weekly meeting.
Self-monitoring of dietary intake and physical activity
was encouraged with the use of a paper diary in which
the intervention staff provided weekly feedback regarding
goal progress.

Technology-based system

Technology-based system did not attend the weekly
group sessions. However, the identical intervention mate-
rials provided to SBWL were also provided to TECH, with
these materials mailed each week. Participants in TECH
were provided with a technology-based system. The
BodyMedia® FIT System (Jawbone, Pittsburgh, PA) was
utilized because the components of the technology can
potentially facilitate self-monitoring, which has been
shown to be important for weight loss (20-22). The tech-
nology included a wearable device worn on the upper arm
that monitored physical activity and energy expenditure.
This device has been previously validated for assessing
energy expenditure by utilizing multi-sensor technology
and a 3-axis accelerometer to provide estimates of en-
ergy expenditure from measures of galvanic skin re-
sponse, skin temperature, heat flux and motion (23-25).
Data from this wearable device could be viewed in real-
time on a portable digital display that provided basic
feedback on total energy expenditure and moderate-to-
vigorous physical activity. Within the context of the
intervention, participants used their personal computer
to upload activity monitor data to a web-based portal to
obtain more detailed information on energy expenditure

© 2016 The Authors

and physical activity. The web-based portal also allowed
for self-monitoring of dietary intake and self-report of
body weight. At the beginning of the intervention, one
introductory in-person session was included to instruct
participants on the technology components specific to
TECH, and to review the common goals (dietary, physical
activity) of the weight loss intervention. Participants in the
TECH group received a scheduled intervention telephone
call one-time per month. This telephone call was sched-
uled for approximately 10 min, and interventionists had
access to the diet, physical activity and weight data from
the participants’ web-interface. This allowed for review
of dietary, physical activity, energy expenditure and
body weight progress prior to discussing behavioral
change strategies with participants during the monthly
telephone calls.

Enhanced technology-based system

Enhanced technology-based system received the same in-
tervention as TECH. However, participants in EN-TECH
were provided with an enhanced technology-based system
to increase the capacity for temporal proximity of self-
monitoring and feedback on key weight loss behaviors (en-
ergy intake and energy expenditure). The BodyMedia® FIT
System with the LINK activity monitor (Jawbone, Pitts-
burgh, PA) was chosen because it used the same technol-
ogy as the previous described FIT System, but also
included Bluetooth® capability, which allowed for calories
expended and physical activity time and intensity to be di-
rectly transmitted from the activity monitor to a smartphone
app. The smartphone app also allowed for self-monitoring
of dietary behaviors and self-report of body weight. Consis-
tent with TECH, an introductory in-person session was in-
cluded to instruct participants on the EN-TECH
technology components, and to review the common goals
(dietary, physical activity) of the weight loss intervention.
EN-TECH also received the intervention telephone call
one-time per month. Identical to TECH, the interventionist
was able to access the participants’ web-interfaces to re-
view dietary, physical activity, energy expenditure and
body weight progress prior to facilitating behavioral interac-
tions with participants during the monthly telephone calls.

Outcome measures

Assessments were performed at baseline, 3 and 6 months
as described subsequently.

Height, body weight and body mass index

Height and weight were measured in a lightweight hospi-
tal gown. Height was measured to the nearest 0.1cm
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using a wall-mounted stadiometer, and body weight was
measured to the nearest 0.1 kg on a digital scale. BMI
was calculated as kilograms per square meter.

Waist circumference

Waist circumference was assessed in a lightweight hospi-
tal gown and measured in duplicate to the nearest 0.1 cm
using a Gulick tape measure. Waist circumference was
taken horizontally at the peak of the iliac crest, with the
average of two measures differing by <1.0cm used for
analysis.

Body composition

Body composition was assessed using bioelectrical im-
pedance analysis. Measurements were taken with jewelry
removed and the body in a supine position. Lean body
mass was estimated using the equation proposed by
Segel et al. (26) Percent body fat was computed as
[(weight — lean body mass)/weight] x 100.

Physical activity

Leisure-time physical activity was assessed using the
Paffenbarger Physical Activity Questionnaire (27,28). An
interviewer queried on daily brisk walking performed for
the purpose of transportation or exercise, flights of stairs
climbed per day and participation in other forms of activ-
ity (sport, recreational and fitness activities). Participants
reported this activity based on a typical week. Brisk walk-
ing and flights of stairs were converted to kcal of energy
expenditure based on the procedures previously
described (27,28). Other forms of physical activity were
classified as light, moderate or vigorous based on the
Compendium of Physical Activity (29,30) and then
converted to kcal based on procedures previously
described (27,28).

Dietary intake and eating behaviors

Dietary intake was assessed using a Food Frequency
Questionnaire (Block, 2005.1) (31,32). The Eating Behav-
ior Inventory was used to measure eating behaviors that
may be related to successful weight loss such as self-
monitoring of intake, refusing food, shopping practices
and emotional eating (33).

Process measures
Data on process measures related to the intervention

were obtained. Intervention contacts were recorded by in-
tervention staff for weekly group attendance (SBWL) and

monthly telephone call completion (TECH, EN-TECH,).
Self-monitoring of dietary intake was defined as the num-
ber of days any intake was recorded in paper diaries
(SBWL) or through the web interface (TECH, EN-TECH).
Self-monitoring of physical activity was defined as the
number of days activity was recorded in paper diaries
(SBWL) or by wearing the activity monitor (TECH,
EN-TECH).

Statistical analyses

IBM-SPSS (version 21.0) was used to compare groups on
baseline descriptive data and for self-monitoring and in-
tervention engagement data across the intervention pe-
riod. Baseline comparisons were completed using a
one-way analysis of variance or chi-square analysis for
categorical variables. A one-way analysis of variance
was used to compare self-monitoring components (diet,
physical activity) between the intervention groups, with
post-hoc comparisons performed using the Bonferroni
procedure. An independent sample t-test was used to
compare the completion of intervention telephone calls
in TECH versus EN-TECH.

Separate mixed-effects models using unstructured de-
pendence structure were fit to the outcomes using SAS
version 9.4 (SAS Institute, Cary, NC). All randomized par-
ticipants were included in these analyses with missing
data assumed to be missing at random. Outcomes in-
cluded weight, BMI, percent body fat, waist circumfer-
ence, eating behaviors and dietary intake and physical
activity. For each of these variables, the measurement at
baseline, 3 and 6 months were analysed using a mixed-
effects model with 3 time points. Inferences were focused
on the main effects of weight change groups, time and
the interaction effect between these two. Weight changes
from baseline at 3 and 6 months were calculated and
analysed using a mixed-effects model with baseline
weight adjusted in the model as covariate. Least square
means were obtained from the model and plotted to illus-
trate group by time interaction effect. The type | error rate
is fixed at 0.05.

Results

Thirty-nine adults with obesity were randomized to the in-
terventions described earlier (Table 1). Of the 39 partici-
pants randomized, 34 provided data at 3 months and 27
provided data at 6 months. The CONSORT diagram is
provided in Figure 1.

Standard behavioral weight loss completed 74.0 +26.8%
of the expected intervention contacts. TECH com-
pleted 83.3+22.5% of the telephone calls compared

© 2016 The Authors
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Table 1 Demographic characteristics of participants

Variable Participant status Total SBWL TECH EN-TECH p-value®
Number of participants Randomized 39 14 12 13
Completing 3 months 34 13 12 9 0.052%
Completing 6 months 27 10 9 8 0.748*
Weight (kg)* Randomized 111.5+11.5 110.9+9.1 112.2+10.5 111.6+15.0 0.959
Completing 3 months 110.7+11.2 110.5+9.4 112.2+10.5 108.8+15.0 0.799
Completing 6 months 112.5+11.0 113.0+9.2 112.6+12.1 111.6+13.3 0.967
Body mass index (kg m72)* Randomized 39.5+2.8 39.5+2.6 39.7+2.9 39.3+3.2 0.950
Completing 3 months 39.5+2.8 39.4+2.6 39.7+29 39.4+34 0.946
Completing 6 months 39.3+2.7 39.1+2.1 39.0+2.8 39.8+3.3 0.791
Age (years)* Randomized 39.9+11.5 39.7+10.4 40.6 £9.5 39.5+9.7 0.957
Completing 3 months 40.5+9.1 41.1+9.5 40.6+9.5 39.6+9.0 0.931
Completing 6 months 42.0+9.0 43.6+9.2 42.0+9.0 39.9+95 0.700
Gender (% female) Randomized 79.5 85.7 75.0 76.9 0.766%
Completing 3 months 82.4 84.6 75.0 88.9 0.685*
Completing 6 months 77.8 80.0 66.7 87.5 0.574*
Ethnicity (% Caucasian/White) Randomized 71.8 64.3 75.0 76.9 0.734*%
Completing 3 months 73.5 69.2 75.0 77.8 896*
Completing 6 months 741 70.0 77.8 75.0 926*

*Data presented as mean + standard deviation.
Tp-value for randomized group.
*p-value based on chi-square analysis.

EN-TECH, enhanced technology-based system; SBWL, standard behavioural weight loss; TECH, technology-based system.

with 62.8+34.1% of the telephone calls in EN-TECH
(p=0.088). Duration of these calls was 11.3+0.5min in
TECH and 11.5+ 1.6 min in EN-TECH (p =0.677).

Standard behavioral weight loss returned 12.4+8.9
weekly self-monitoring diaries and self-monitored their
diet for 84.6+62.3d. TECH and EN-TECH self-
monitored their diet 80.0+56.4 and 70.1+66.9d,
respectively (p=0.828). TECH wore the activity monitor
117.8+106.3d and EN-TECH wore the activity monitor
106.3+66.7d (p=0.624). The activity monitor was worn
for 11.2+6.7hd™" in TECH and 9.5+7.1hd™" in EN-
TECH (p=0.550). SBWL self-monitored their physical
activity participation in the diary provided for a total of
56.4+51.8d.

Weight loss occurred in all intervention conditions
across 6months (p <0.0001) (Table 2 and Figure 2).
Weight loss (least square means+standard error) at
3months was —3.39+1.04, —5.06+1.08 and —4.76
+1.25kg in SBWL, TECH and EN-TECH, respectively.
Weight loss at 6 months was —6.57 +1.65kg in SBWL,
—5.18+1.72kg in TECH and —-6.25+1.95kg in EN-
TECH. A similar pattern was observed for change in
BMI, waist circumference and percent body fat, with
these outcomes showing a reduction across the 6-month
intervention (Table 2). These findings were consistent
when data were also analysed with baseline data carried
forward for missing data or for only those participants

© 2016 The Authors

who provided data at all assessment periods (data not
shown).

Energy expenditure in physical activity increased
across the 6-month intervention (p <0.0001) (Table 3).
Data were reanalyzed with flights of stairs removed from
the computation of energy expenditure, and a similar pat-
tern of results was observed. Dietary intake showed a
reduction in total energy intake and percent dietary fat in-
take (p < 0.001), with an increase observed for the Eating
Behavior Inventory (Table 3).

Discussion

This study examined the use of TECH, EN-TECH and
SBWL across 6 months in adults with Class Il and Class
Ill obesity. Within technology-based interventions, the
wearable device used in this study was similar to that
worn in prior studies conducted in adults classified as
overweight or moderately obese (18,34,35). The technol-
ogy used in TECH and EN-TECH was combined with a
brief monthly intervention telephone call with a member
of the intervention team. Results showed that weight loss
was achieved across all treatment conditions (Table 2).
The magnitude of weight loss of adults in the current
study with a mean BMI of 39.5 + 2.8 kgm 2 was compara-
ble with that reported by Pellegrini et al. (18) in adults with

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice



8 Weight loss technology for obesity  R. J. Rogers et al.

Obesity Science & Practice

667
Contacted Investigator in
Response to Advertisements

A4

359
Ineligible:
e Age=2
* BMI =85 (65 below; 20 above)
e Exercise level/ability = 2
e Heart Disease =4

Attended Orientation

A4

464 )
Consented to Telephone * Angina = 2_
Screening e Hypertension =73
o Stroke =2
o Diabetes = 12
»| o Cancer =3
¥ ® Other Exclusionary Condition = 65
. 105 . ® Weight loss medication/program =5
Eligible 'and In'V|ted to o Lost >5% body weight in 1 month = 18
Orientation o No Computer/Internet = 8
® No Smartphone =70
v e Frequent traveler =1
59 ® Pregnant last 6 month =1

e Disconnected from screening = 4
e Unknown reasons = 2

Lack of Time =1

54 15
Consented Not Randomized:
® No physician’s consent = 3
| ® No technology =1
v e High blood pressure = 1
39 e Exclusionary medication = 2
Randomized e Time commitment issue = 2
® No show assessment =6
v
14 12
Standard BodyMedia Enhanced
Behavioral FIT System BodyMedia
Weight Loss FIT System
(SBWL) (TECH) (EN-TECH)
13 12
Completed Completed Completed
3-month 3-month 3-month
Assessment Assessment Assessment

Relocation =1
Unknown =3

| v

Relocation = 1
Unknown =2

Lack of Time =3
Unknown =1

10 9
Completed Completed Completed
6-month 6-month 6-month
Assessment Assessment Assessment

Relocation =1
Unknown =4

Figure 1 CONSORT diagram.

a mean BMI of 33.7 + 3.6 kgm 2. In the current study, the
weight loss achieved in both the TECH and EN-TECH in-
terventions exceeds the weight loss at 4 and 9 months
achieved with a similar technology system reported in a
study of adults with a mean BMI of 35.7 kgm 2 (35). This
may be a result of the current study combining the tech-
nology in TECH and EN-TECH with a brief once per
month telephone call delivered by the intervention staff,

whereas telephone contact was not included in the inter-
vention implemented by Shuger et al. (35) This may sug-
gest that the weight loss achieved with the wearable
technology system used in TECH and EN-TECH may be
improved when combined with brief monthly telephone
intervention contact.

While this study is not able to disentangle the influence
of the technology from the telephone calls, as proposed

© 2016 The Authors
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Table 2 Change in weight, waist circumference and body composition (least square mean + standard error)

Assessments periods p-values
Variable Group Baseline 3 months 6 months Group effect Time effect Group x Time
Weight (kg) SBWL 110.9+3.1 107.5+3.3 104.4 £3.5 0.9652 <0.0001 0.0997
TECH 112.2+34 107.2+3.6 107.1+3.7
EN-TECH 111.6+3.3 106.8 +3.5 105.3+3.7
BMI (kg m?) SBWL 39.5+0.7 38.3+0.9 37.2+1.0 0.9530 <0.0001 0.1540
TECH 39.7+0.8 37.9+0.9 37.8+1.1
EN-TECH 39.3+0.8 37.6+0.9 37.3+1.1
Waist circumference (cm) SBWL 119.1+2.4 115.5+2.6 115.1+3.0 0.7713 0.0002 0.6681
TECH 122.8+2.6 116.4+2.8 118.2+3.2
EN-TECH 122.3+25 116.6+£2.9 116.3+3.3
Fat mass (kg) SBWL 51.1+1.8 48.5+2.1 46.2+2.4 0.8966 <0.0001 0.5152
TECH 51.3+1.9 48.0+2.3 47.7+25
EN-TECH 50.6+1.8 46.8+2.3 454+2.6
Lean body mass (kg) SBWL 59.7+2.2 59.0+2.3 58.3+2.2 0.9400 <0.0001 0.2297
TECH 60.9+2.4 59.2+2.4 59.3+2.4
EN-TECH 61.0+2.3 60.0+2.3 59.4+2.3
Percent body fat (%) SBWL 46.2+1.1 451 +1.3 442+15 0.7921 0.0005 0.7894
TECH 458+1.2 44714 44.4+1.6
EN-TECH 454 +11 436+1.4 429+1.6

BMI, body mass index; EN-TECH, enhanced technology-based system; SBWL, standard behavioural weight loss; TECH, technology-based

system.

by DiClemente et al. (36), the telephone calls may have in-
creased accountability, engagement and motivation of
the participants. This may have resulted in improved
weight loss compared with what would have been
achieved with the technology when not coupled with the
telephone calls. Other studies have also reported that
the addition of personalized intervention contact to a
technology-based intervention improves weight loss
when compared with a technology program alone. For
example, within the context of a web-based intervention,
Tate et al. (37) found greater weight loss after 6 months
when personalized feedback was provided via email from

P-Values

Group: 0.9648

Time: 0.0125

Group X Time: 0.1145

Weight Change (kg)
& IS & ~

&

<

Months

| —o—SBWL (N=14) = A= TECH (N=12) ++0e+ EN-TECH (N=13)

Figure 2 Change in weight by intervention group.

© 2016 The Authors

a counsellor compared with automated computer feed-
back delivery.

The SBWL in the current study targeted both a reduc-
tion in energy intake and an increase in physical activity,
and this resulted in weight loss of 6.6 + 1.7 kg at 6 months
in this sample of adults with obesity. By comparison,
Goodpaster et al. (38) reported weight loss of 10.9kg at
6 months in adults with a BMI >35kg m2 in response to
a group-based program that included both a diet and
physical activity component. The greater weight loss ob-
served in comparison with the current study may be a
result of a number of factors. For example, Goodpaster
et al. (38) provided commercially available meal replace-
ments (shakes, nutrition bars) to study participants as
part of the prescribed diet, which may have contributed
to the improved weight loss. In addition, participants in
the current study were required to have access to a com-
puter, the Internet and a smartphone to be eligible, but
participants in SBWL did not receive an intervention that
involved the use of those technologies, which may have
impacted compliance or engagement in a manner that
influenced weight loss.

Self-monitoring is an important strategy for weight loss
(20—22). This study showed that the technology used in
TECH and EN-TECH did not improve self-monitoring of
diet compared with the non-technology form of self-
monitoring used in SBWL. However, it appears that the
use of the wearable device to monitor physical activity
occurred more often than a non-technology form of self-
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Table 3 Change in dietary intake and physical activity (least square mean + standard error)

Assessments periods p-values

Variable Group Baseline 3 months 6 months Group effect Time effect Group x time

Calories (kcal d’1) SBWL 1897.5+260.2 1506.8 +212.3 1477.7 +222.0 0.6415 0.0005 0.6100
TECH 2076.8 +281.0 1804.1 £224.7 1558.5+235.9
EN-TECH 2227.3+270.0 1931.5+232.4 1561.3+241.9

Percent dietary protein intake (%) SBWL 16.6+0.7 16.4+0.8 16.7+0.9 0.5002 0.3553 0.1248
TECH 15.9+0.8 16.9+0.9 15.6+1.0
EN-TECH 145+0.7 15.0+0.9 16.8+1.0

Percent dietary carbohydrate intake (%) SBWL 44.7+2.0 47.3+1.8 50.1+2.1 0.5473 0.1741 0.5703
TECH 45.0+2.1 46.5+1.9 47.8+2.2
EN-TECH 49.1+2.0 48.7£2.0 48.8+2.3

Percent dietary fat intake (%) SBWL 385+1.6 37.0+1.7 34117 0.1857 0.0172 0.8421
TECH 39.8+1.7 37.2+1.8 36.8+1.8
EN-TECH 35.6+1.6 33.5+1.9 33.6+1.9

Eating behaviour inventory SBWL 71.7+£1.7 86.1+3.4 87.1+3.1 0.0942 <0.0001 0.9913
TECH 65.7+1.9 80.5+3.5 81.3+3.2
EN-TECH 64.8+1.8 80.4+4.0 79.6+3.6

Physical activity (kcal week’1) SBWL 530.2+129.0 1294.9+314.5 1407.7 +293.8 0.8694 0.0003 0.0870
TECH 913.6 +139.3 1135.2+330.0 1048.7 +308.7

EN-TECH 444.5+133.8 1188.9+367.7 1933.3 +335.0

EN-TECH, enhanced technology-based system; SBWL, standard behavioural weight loss; TECH, technology-based system.

monitoring that was used by SBWL, but it does not ap-
pear that this resulted in greater changes in physical ac-
tivity between the intervention conditions. Of interest is
that enhancements in the technology included with EN-
TECH may have allowed for improved temporal proximity
of self-monitoring and feedback on energy balance. How-
ever, this did not improve weight loss, dietary changes or
physical activity beyond that achieved with TECH or
SBWL. These results may suggest that there are options
for how to effectively self-monitor that may include non-
technology (e.g. paper diaries) and technology options.
This should be considered when implementing self-
monitoring strategies within a clinical weight manage-
ment intervention.

This study was conducted to provide insight on engag-
ing adults with obesity in a technology-based intervention
that included a wearable device, a web-interface or use of
a mobile device and a monthly telephone call. However,
there are limitations to this study that should be consid-
ered. The sample size is small, which limits our ability to
make definitive conclusions regarding efficacy or effec-
tiveness of the interventions that were examined. More-
over, given the inclusion and exclusion criteria, the
participants may not reflect the demographic characteris-
tics of the general population seeking weight loss treat-
ment. Thus, there is a need to conduct additional
studies using a larger sample that includes participants
with characteristics and medical co-morbidities that may
better reflect the general population, which may therefore
enhance generalizability. Moreover, this study was limited
to 6 months in duration, and additional research is needed

to understand the long-term effects of these interventions
on weight loss in adults with obesity. This study also in-
tentionally recruited participants that had access to a
computer, the Internet and a compatible mobile device,
which may have impacted the findings. The wearable
device and the associated web or mobile interface are
commercially available (BodyMedia Fit and LINK sys-
tems), and it is unclear whether similar results would
be observed if other commercially available systems
were used.

In summary, this study demonstrated that short-term
technology-based interventions combined with brief
monthly telephone calls resulted in weight loss in adults
with obesity. The weight loss achieved with the
technology-based interventions appears to be compa-
rable in magnitude with what was achieved with an in-
person intervention; however, because of the sample
size in this study, there is limited statistical power to
determine with certainty that the weight loss achieved
was not different between the intervention groups.
Weight loss was also accompanied by reductions in
BMI, body fatness and waist circumference. Both the
in-person and technology-based interventions resulted
in reduced energy intake and dietary fat intake,
increased engagement in weight loss strategies and
increased leisure-time physical activity. These findings
provide initial evidence that short-term weight loss in-
terventions can be successfully implemented in a vari-
ety of ways in adults with obesity, which suggests that
there are options for delivering weight loss interventions
in this population group. Whether these interventions

© 2016 The Authors
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can be equally effective for weight loss, if length of in-
tervention beyond 6 months will alter the magnitude of
weight loss achieved, if there are difference in response
to these interventions by subgroups (men vs. women,
different race/ethnic groups, BMI category, etc.) or if
there are differences in cost-effectiveness of these
interventions, warrants further investigation. These
results provide promise for implementing non-surgical
or non-pharmacological interventions that focus solely
on lifestyle modification for weight loss in adults with
obesity, and these interventions may not require exten-
sive in-person contact.
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